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I Back_pround 

I-l Impact of the hansihn-awaji earthquake 

The Great Hanshin-Awaji Earthquake, which occurred right under the city of Kobe on January 

17,1995, again showed the importance of rapid response activities by the national government, 

particularly the importance of estimating damage immediately after an earthquake. 

If organizations concerned with disaster prevention have numerical map and geographical 

location data and a system that combines this data for quick and efficient application, they 

should be able to quickly determine the state of damage, and support rescue and recovery 

activities quickly and effectively. 

Based on this experience, the National Land Agency has been promoting preparation of a 

Disaster Information System by utilizing Geographic Information System (GIS) that manages 

information on topography, ground conditions, population, building stock, disaster response 

facilities, etc., connected to digital maps on a computer. 

1-2 Basic framework of the new disaster preve 

The difficulty encountered in collecting appropriate information after the Great Hanshin-Awaji 

Earthquake reemphasized the importance of information. How to collect, put in order and 

analyze information efficiently have become major factors in recognizing the necessity of 

building a new system. 
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The Disaster Countermeasures Basic Law, which defines the framework for overall 

enforcement of disaster countermeasures policy, was revised twice in 1995. Moreover, the 

Disaster Contingency Basic Plan, which is based on the Disaster Countermeasures Basic Law, 

was also revised in July 1995, and a new version of “Earthquake Disaster Contingency Plan” 

was established. 

The new basic plan considers the importance of information in the following three stages: 

prevention, emergency measures and recovery/rehabilitation. It clearly describes the specific 

policy for each of the above-mentioned stages. The plan states that “The National Government, 

local municipalities, etc. shall make every effort to collect and accommodate information 

related to disaster prevention, such as information on nature, society and contingency plans 

under normal conditions. Such information shall be utilized to make the dangers of disaster 

known to everyone by making the map that includes all disaster prevention information. 

Additionally, they shall promote the construction of geographic information systems to support 

the realization of disaster-preventive measures.” It also states that “The National 

Government, etc. shall construct an on-line database network so that it can be used by relevant 

parties, and shall make every effort to promote its use.” 

Certain activities are specifically indicated in the new plan. They are utilization and 

application of geographic information systems, monitoring systems, etc. after the occurrence of 

a disaster in order to quickly analyze the scale of damage, to collect and comprehend 

information on primary & general damage and on emergency measures so that it can be passed 

on to relevant organizations, and to assure that appropriate measures are taken to establish 

necessary communications. 

I-3 Toward the advanced information society 

For the past three years or so, there has been a strong trend toward the advanced information 

society. People are becoming increasingly more aware that something has to be done. There 

is the personal computer boom. More and more people are beginning to use personal 

computers, and such computers are increasing their capabilities as well as their kinds day by 

day. 
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Maintenance of information on earthquake disasters should be systematically carried out by 

using geographical information systems which have been making remarkable development in 

recent years. It is said that 1994, the year before the Great Hanshin-Awaji Earthquake, was the 

beginning of the advanced information society in Japan and the people started to discuss the 

concept of a “Japan Information Super-Highway.” 

“Digital” is one of the key words for the advanced information society. Digitalization makes 

it easier to accumulate and process information than conventional analog technology used to 

do. On the other hand, digitalization has to handle a huge amount of information and what 

can be done strongly depends on the development of computers, including personal computers. 

The Geographic Information System (GIS) has also been making rapid progress in application 

technology, hardware and software. At present, various kinds of numerical maps are being 

prepared by concerned organizations. 

Handling of a huge amount of information has been made possible by development of data 
processing technology by computers and communications technology, due to rapid progress in 

technical innovation, such as optical fiber and communication satellites. 

In short, we have reached the stage where we are technically capable of constructing large-

scale network systems, such as a disaster information system, that allow us to process a large 

amount of map data by linking many relevant organizations. Under this situation, the 

importance of information has been recognized, and the development of the DIS/Earthquake 

was initiated. 

II Disjearthquake - its outline and current status 

II-1 Outline of the system 

To develop an earthquake disaster information system @IS/Earthquake), the National Land 

Agency established a committee composed of specialists on earthquake disasters and their 

preventive systems, and persons from related ministries and agencies. References are being 
made to similar systems, both academic and practical, which have been or are being developed 

in the U.S. 
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As shown in Attachment 1, 2, DIS focuses on three stages of an earthquake disaster. They 

are emergency period, recovery/rehabilitation period, and preparation period for the next 

disaster. This system is expected to effectively support quick and appropriate decision making 

by the organizations concerned. 

DIS is composed of a Disaster Information Control System, which provides a base for analysis, 

and subsystems that perform actual analysis. The Disaster Information Control System 

accommodates and manages the information needed for operation of each subsystem in DIS. 

Its data base includes map data on administrative organizations, public facilities, roads, 

organizations and facilities for disaster prevention, etc. 

The National Land Agency places the highest priority to the communications immediately 

following the occurrence of an earthquake. The Early (Damage) Estimation System (EES) 

has been in operation since April 1996. This system automatically estimates the scale of 

damage and indicates the initial activities required within 30 minutes after the occurrence of the 

earthquake by using very limited information. 

The Earthquake Damage Information System continuously collects transient information on 

damage and recovery concerning public facilities, lifelines, etc. The data base is updated 

accordingly and the information is shown on maps to assist decision making. The system will 

also provide information on damage to roads, railways and lifelines to the organizations 

concerned so that they can effectively utilize it in taking emergency operational measures. 

‘The Emergency Measures Support System utilizes the output from EES and the Earthquake 

Damage Information System to support search and rescue activities and to help optimize the 

distribution of relief materials. According to different emergency measures, there will be 

different systems for transportation, rescue/medical attention, evacuation, and volunteers. 

As time passes, recovery/rehabilitation measures become more important, and here comes the 

Recovery/Rehabilitation Measures Support System, which provides information to support the 

establishment of recovery and rehabilitation plans at various levels, and to help manage their 
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The abovementioned systems respond to the activities in the post-earthquake period. 

However, preparation for the next disaster is also important for the National Land Agency. 

The Earthquake Damage Estimation System will forecast the extent of damage due to a future 

earthquake by map information data base. It will be used to plan and establish various 

disaster measures before the next one comes. 

The Earthquake Disaster Prevention Facilities Preparation Plan Support System will be utilized 

to select possible sites for emergency facilities. It will also be useful to determine kinds of 

facilities to be prepared by simulating the effectiveness of different measures for different 

earthquakes. 

II-2 Current status of system development 

The National Land Agency has been developing DIUEarthquake through the supplementary 

budget for Fiscal 1995. The only system currently in operation is EES. A data base of 

disaster-related information has been partially developed, and part of the Emergency Measures 

Support System by using this data base is being developed. 

The data base of disaster-related information consists of a number of digital maps with scales 

of l/25,000 and l/2,500. Locations and some additional information of disaster prevention-

related organizations and facilities will be displayed on the maps as shown in Attachment 3. 

The Earthquake Damage Information System will contain an incredibly huge amount of 

information, such as damage information continuously updated by concerned organizations 

during a disaster. The system must be able to efficiently arrange and analyze such data to 

illustrate the extent of damage to roads and railways on a map display. 

The Emergency Transportation Support System is expected to support emergency measures to 

be taken in order to optimize the distribution of necessary goods by taking into account the 85 



transportation measures being enforced during the disaster. 

The hardwares of DIS/Earthquake is shown in Attachment 4. It is installed in the main office 

building of the National Land Agency in Kasumigaseki in the center of Tokyo, with a back-up 

system at the Greater Tachikawa Contingency Station for use in the event the main office is 

damaged. 

Earlv estimation svstem IEF.S) 

III-l Purpose and outline of EES development 

Earthquake damage estimation is often used as the initial condition for contingency planning. 

Such an estimation is based on a compilation of a number of R&D results integrated into a 

comprehensive system. Such a system may be further integrated to estimate the macroscopic 

scale of damage and the extent of the affected area by using a very limited amount of input 

information. EES provides a real-time estimation of the numbers of damaged buildings and 

casualties. The system has been developed to provide information that contributes to quick 

and appropriate judgment for making decisions concerning emergency measures when there is 

only limited information available immediately after the occurrence of an earthquake. 

Some of the features of EES are as follows: 

- EES covers the entire country, 

-	 EES estimates only damage to buildings and casualties caused by earthquake vibration at 

the municipality level. It does not estimate damage caused by fires, aftershocks, etc., 

-	 EES automatically receives seismic information from the Japan Meteorological Agency 

and is activated when JMA intensity greater than 4 is detected at one or more seismic 

intensity observation points throughout the country, 

-	 Under the conditions cited above, EES provides the results of estimation with 30 minutes 

after the occurrence of an earthquake, 

-	 Unlike standard earthquake damage estimation, EES operates with a small computer of 

the size of work stations. 

III-2 System configuration and estimation methods 
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EES is composed of processing equipment (database server units), terminal equipment for 

display (clients), printers, etc., all of which are easily available on the market(seeattachment 5). 
The equipment in normal service at the main office of the National Land Agency is augmented 

by stand-by equipment at the Greater Tachikawa Contingency Station. Thus, if there is a 
problem with one system, the other system takes over immediately. 

The National Land Agency is connected by LAN with simultaneous reporting equipment to 

receive earthquake information from the Meteorological Agency and to transfer it to the 

processing equipment. The results of estimation by the processing equipment are 

automatically outputted to the terminal equipment for display. 

The following summarizes the flow for damage estimation(see attachment 6,7): 

- EES is automatically activated as described above, 

-	 The seismic data is combined with surface soil and topographical data to estimate the 

distribution of ground motion severity, 

-	 Based on the estimated distribution of ground motion severity, available building data is 

utilized to estimate the damage to buildings, 

-	 Available population data is used to estimate causalities caused by building destruction, 

and 

- The results are automatically shown on a display terminal. 

Earthquake information from the Meteorological Agency is transmitted within about 10 


minutes after it is generated and the estimation of damage is completed in 5 - 20 minutes 


according to the size of the area affected. Back-up functions are provided for manual input of 


data when the data cannot be automatically received. 


III-3 Outline of the logic for each estimation process 


III-3- 1 Intensity and estimation grid 


For estimation of earthquake damage, JMA seismic intensity is used to represent the severity of 


ground shaking. It is received in real time from the Meteorological Agency as the initial 


earthquake information. From seismic intensity observed at the ground surface and 


consideration of influence of geological features of the earth’s crust, it should be possible to 


estimate the isoplethic curve (countour) for speed distribution of an earthquake. From the a7 




estimated countour, intensity distribution on the ground surface is computed taking into 

account the properties of the surface layers again. 

The National Land Numeric Information Tertiary Mesh is used. The properties of the surface 

layers are classified into 13 types based on geological and topographical data of each grid, from 

which ampltication factors are determined. 

By assuming a relationship between the estimated seismic intensity and the building damage, 

the damage to buildings in each grid is estimated, and the number of damaged houses is 

integrated for each municipality. Buildings are classified as wooden and non-wooden 

buildings, and the number of damaged houses is estimated for each of them. 

III-3-2 Wooden building damage 

The building areas in a municipality was first obtained for different age groups and they were 

divided by the average building area per house of the municipality to determine the number of 

buildings in different age groups in the municipality. These numbers were distributed to each 

grid in proportion to the night-time population to estimate the number of buildings in each grid. 

Buildings were classified into two age groups according to whether or not they were built after 

1960, when a major revision of the Building Standards Act was implemented to specify the 

quantity of framework and walls required. 

The whole area of Japan was divided into three groups according to the snow load adopted for 

structural design. The surface soil properties were regrouped into two, soft and hard, based 

on the predominant periods computed by using the 13 types previously mentioned. 

Therefore, the damage factor for wooden buildings was expressed in terms of seismic intensity, 

building age, snow load level, and surface soil property. Non-linear response analysis was 

performed for all the combinations of the four parameters. The number of collapsed buildings 

was then obtained by multiplying the number of houses in each category by the collapse ratio of 

the houses in each category. 
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m-3-3 Non-wooden building damage 

Non-wooden buildings were classified by only building age according to whether or not they 

were built after 198 1, when the new Anti-Earthquake Design Act was introduced. 

The damage factor for non-wooden buildings was expressed in terms of seismic intensity, 

building age, and surface soil property. The damage level for non-wooden buildings in each 

category was estimated by those encountered in the Hanshin-Awaji Earthquake. The collapse 

ratio for non-wooden buildings built in or after 1982 was assumed to be zero. 

III-3-4 Casualties due to building collapse 

The number of deaths caused by the collapse of wooden and non-wooden buildings was 

estimated for each municipality. The estimation took into account the time of earthquake 

occurrence. The change in the numbers of people staying in different “places” was 

determined from the temporal change of the population during the night-time and the day-time. 

Population at a certain time of a day was estimated based on the results of personal travel 

surveys performed in representative cities, with the “places” classified as houses, other facilities, 
\

and transient points. 

Since it was difficult to develop a logical model to determine the relation between casualties 

and wooden building, statistical regression of historical earthquake data was made. Data from 

recent five earthquakes which caused more than 300 death casualties were used by assuming a 

linear relation between the two quantities. 

The number of deaths caused by wooden building collapse was assumed to be proportional to 

the number of collapsed wooden buildings and the number of people in them. 
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It is assumed that deaths caused by the collapse of non-wooden building has a linear relation 

with the number of people in those buildings. This parameter (rate of damage) is estimated 

based on the data on building collapses during the Great Hanshin-Awaji Earthquake and an 

accident that recently occurred in Korea. 

III-4 Implementation 

When emergency measures are taken to respond to damage caused by an earthquake, it is best 

to try to take proper and efficient measures based on information from the actual site. 

However, in the case of the 1995 Great Hanshin-Awaji Earthquake, the affected area was in 

confusion and it was impossible to obtain accurate information from the site. In a large 

earthquake, the affected area extends over surrounding municipalities, and it is extremely 

difficult to obtain information at the site. There is also a high probability that the means of 

information transfer will be destroyed. 

EES, however, estimates the scale and the areal extent of damage by only. using seismic 

intensity data immediately following an earthquake. EES places emphasis on the importance 

of overall damage caused by the earthquake. Thus, although it may not be possible to obtain 

damage information at the site, the estimated data given within 30 minutes after the earthquake 

occurrence may be used to prevent delay in initial responses and to help initiate quick and 

appropriate initial actions and emergency measures. 

If EES had been available in the case of the Great Hanshin-Awaji Earthquake, estimation 

would have been completed within about 15 minutes after the JM data was received, and 

estimation results would have been obtained within about 25 minutes after the earthquake 

occurred. (For a smaller earthquake, time required for estimation would even be shorter.) 

EES’s preliminary estimation was found to give “About 100,000 collapsed buildings and about 

4,000 deaths”. 

IV Conclusions 

The diversified information and analysis results stored in the DIS will be most useful to 

agencies and local municipalities concerned with disasters, not only to the National Land 

go Agency. In the case of natural disaster mitigation, it is becoming increasingly important to 
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devise a means of mutual collaboration among related organizations for the effective use of a 

system such as DIS. The National Land Agency is willing to advance development of a 

network with related agencies and local municipalities through LANs using central contingency 

radips to provide accurate information in real time(see attachment 8). 

After a disaster, this information will control all countermeasures, so it is necessary to 

construct an information collection system that responds to expected interruptions and 

complications of information communication disruption. Therefore, the intent is to strengthen 

the information collection system by effectively utilizing such communication measures as 

portable information equipment and the Internet, which has recently been developing 

remarkably, to enable direct input of damage information sent from the actual site, in addition 

to information collection utilizing aircraft, etc. 

For total preparation of the DIS, there remain the problems of money and time required to 

prepare the map data, which is the foundation of the system, and more detailed disaster 

prevention related data. The National Land Agency is expecting to complete the 

development of DIS in five years and hopes that DIS will become an effective system to be 

utilized for executing as well as planning contingency measures. 
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Attachment I 

Composition 

1 hour Lc 

1 day b 

1 weekm 

of DIS (Disaster Information System/Earthquake) 

Earthquake Damage Estimation SystemF= 
Plan Preparation Support System for Earthquake 
Contingency Facilities, etc. 

Early Earthquake Damage Estimation System (EES) 

Emergency Measures Support System 
a. Transportation 

b. Rescue/medical 
c. Evacuation 

d. Volunteers t-
Earthquake Damage 

e. Life lines Information System 

IRecovery/rehabilitation Support System I 
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Attachment 2 

System Image of DIS (Disaster Information System/Earthquake) 

Map/Contingency 

Main DIS System 

a. Preparation 

b. Emergency measures 
c. Recovery/rehabilitation 

Information DB Damage Information DB 

functions 

individual buildings using map data at a 

l/2500 
directly involved with disaster prevention, 

# Detailed 

* 	 Accurately 

maximum 
+ Displays 

including 
storage 

+ 	 Displays 
including 

# Powerful 

display 

displays 

scale of 
facilities 

fire departments, police departments, schools, food 
locations and locations of relief items 

facilities related to emergency transportation, 
roads, airports and harbors 

analysis functions 

+ Sub-systems provide powerful analysis functions 
* Sub-systems can be added to respond to new needs as they occur. 
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Disasterrelated Facilities Information 

Data Item Major Attribute 

Bask Map * Map of Prefecture Boundaries # 

* Map of Administrative Districts and Coastlines # 
. 

* l/2.000 vector map 

* Town name and numbers * Total population, households 

Natural conditions * Surface layer features (Mesh data) # * Soil classification 


Social conditions * Population/Households # * Name, family, etc. 


* Business Places # * Office, employees 

Earthquake * Epicenter, scale in the past # * date, scale, seismic intensity, etc. 

Basement. etc. * Active fault # * Direction of displacement, activity, etc. 

* Dangerous sediment-disaster area # * Classification. degree of risk 

* Dangerous liquefaction area (Mesh data) * Degree of risk 

Buildings * Multistoried buildings * Name, address, number of floors, height, etc. 

* Underground markets, underground passageways * Name, address, floor area, etc. 

* Special disaster prevention districts (petrochemicalcomplex. etc.) * Name, supervisor, floor area. etc. 

* Facilities that stock hazardous items * Number of stocked places 

Public civil engineering facilities * Roads # * Road No., traffic lanes. width, etc. 

* Railways and stations # * Type, name, Line No., etc. 

* Harbors # * Supervisor. name, etc. 

* Quays * Supervisor, available boat oapaoity alongside pier, etc. 

* Airports # * Type, manager, runway length, etc. 

* Heliports # * Type, name, area, etc. 

* Coastal maintenance facilities 

. 

Lifelines * Electric power 

* City gas 

* Water supply 

* Sowage water 

* Telephone 


l Broadcasting station 


* Type, length, height, etc. 
I 
* Supplying district. number of households, etc. 

* Supplying district, number of households, etc. 

* Supplying district, number of users, etc. 

* Processing district. population, etc. 

* Operating district. number of subscribers. etc. 

* Name of broadcast station, address, etc. 



Data Item Major Attribute 

bntingency facilities k Police departments # t Name, address, number of cars, etc. 

t Fire departments # c Name, address, number of cars, etc. 

k Defense Force facilities # t Name, address, number of cars, etc. 

t Coast Guard Headquarters, etc. # t Name, address, number of vessels, etc. 

k Hospitals # t Supervisor, name, number of beds, etc. 

k Hygienic facilities # c Name, address, manager, etc. 

t Office buildings for administrative organs # C Type, name, address, etc. 

k Designated institutions # C Name, address, telephone no.. etc. 

c schools # C Type, name, address. number of classes, etc. 

k Education facilities, etc. # C Type, name, address, supervisor, etc. 

t Public areas # * Name, address, ares manager, etc. 

t Wide-area shelters * Name, total area, number of refugees, etc. 

t Refuge facilities * District name, structure, number of persons to be admitted, etc 

t Social welfare facilities # * Type, name, address, etc. 

b Roads for emergency transportation * Name of route 

* Transportation base points for large regions * Name, supervisor, space, etc. 

* Distribution facilities # * Type, name, space, etc. 

* Places reserved for emergency use * Items stored. quantity, etc. 

* Temporary Heliports * Name, address, size of take-off/landing space, etc. 

+ Emergency water supply * Number of places, name, capacity, etc. 

Items indicated with a # have been developed as national numerical information and cover all of Japan. 



Hardware Configuration of DIS(except EES) 

National Land Agency, Ma i n bui lding 

Map DE server Attribute DB server 

--la 
printer/copy math i ne 

gh-speed page printer 

Color printer 

High-speed page printer I 

I I I 

5 units5 units . . _.. .. .. .. . . .. 
Large-scale plotter 

Input Analysis 

terminals terminals 

VTRs 

Projector 

* The Grater Tachikawa Contingency Station has the same configuration. 



System Configuration of EES 
[National Land Agency 3F, Disaster 

Prevention Conference Room Bl [National Land Agency 24F, office] 

NaF;encvnd 

Simultaneous 
information 

repoting 
equipment 

Color printer 

I I I 
LAN (Local Area Network) 

[Greater Tachikawa Contingency Station] 

equipnrnt ientLCI 

I I I 
LAN (Local Area Network) 

SE 

* (Note) : 

Hatcvhed items are separate from the EES system. [ 
r, 
w 



Attachment 6 

Flow of Earthquake Damage Estimation 

Earthquake information 

(Automatic activation) 
rt 

Judgment for execution of damage estimation 

Estimation of earthquake motion distribution 

Estimation of damaged buildings 

Estimation of casuatties caused by building 

Data base 

* Soil data by mesh 

* Topographic data by mesh 
* Building data by mesh 

* Population data by mesh 
* Building data by municipality 

* Population data by municipality 
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Attachment 7 

Flow of Earthquake Damage Estimation 

Primary DB and Setting 

l Seismic intensity st 

l 
epicenter 
Epicenter location 

l Magnitude 
l Time 

Seismic lntensit 
Estimation Mode 

t 

ase predominant perio 

Time of occurrence 

non-wooden buildings 

t 

(“=+W.J.p,~lobp,‘~~;~~~~ 3 

Flow of estimation Primary output 

Set the district where damage may occur 
(short form set) 

Number of tertiary mesh wooden 

/\ i Idi;;sd;;troye 

1 
Number of wooden buildings ’ + Yspdisplay 
destroyed by nunicipality 

Number of wooden 

buildings destroyed 
Number of wooden 

f\ buildings destroyed 
by rtunicipality 

b 

b : :xl:‘x!;L, 

* 
fL Number of tertiary mesh 

non-ooden buildings destroyed 

Number of non-wooden bui ldings * Yap display 
destroyed by municipality 

+ 
f\  c 

w 

/Y l 

v * 
Casualties caused by Casualties caused by 

collapse of wooden collapse of non-wooden 
buildings by municipality buildings by municipality 

I 

4 

Casualties by nunicipality 
I 

mber of casualtie 
by rmnicipality 

+ Us dirple 

l la Ii le drsp 7ry 99 




Relation of DIS to Disaster-related Ministries, Agent i es, Etc. 

DIS 

Disaster Information Network 

Disaster-related ministries 
Self-governing bodies 

and agent i es 
Disaster Information System

Disaster Information System 


